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GENERAL INTRODUCTION 
Fresh market tomatoes are grown in Iowa for sale at farmers' 
markets, roadside stands, wholesale and institutional outlets. The 
demand for fresh, vine-ripened tomatoes is the greatest early in the 
season when the supply is the lowest. Thus, early yield will command 
the best price . Any method that will increase early yield will greatly 
improve the profitability of growing the crop. 
Many techniques are used to improve the early yield of tomatoes . 
The most obvious method is to start with transplants instead of direct 
seeding. Ground mulches to warm the soil during cool spring months are 
also used to enhance early growth of the plants. Several types of plant 
covers which raise the air temperature around the plant can also be 
used. Any ~~f these techniques to improve the early yield have potential 
disadvantages as well as the apparent advantages. 
With Iowa's continental climate, the weather conditions are 
unpredictable and variable from season to season as we 11 as day to day. 
What worked one year may not always work the next. To be successful , 
any plant cover system used for enhancement of early plant growth needs 
to protect the plants in their microenvironment from the macroclimate of 
the area. The system must protect the plants from a late spring frost. 
I t a 1 so must be designed so that the temperature increase i s not so 
great that the plants suffer from high temperature stress. 
Plastic row covers used for early yield enhancement of tomatoes in 
Iowa need to compromise the frost protection with adequate ventilation 
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to prevent "flower blast" which can occur if temperatures are too high. 
Several different row cover systems are on the market which offer 
varying amounts of ventilation and frost protection. These systems have 
a cost which needs to be recovered from increased early returns. 
Therefore , ! rley must be managed so that this early yield potential wi 11 
not be lost due to a couple of unseasonably warm days. 
The objective of the experiment was to evaluate the effect of row 
cover temperature on the early yield of fresh market tomatoes. Through 
the use of different row cover materials, various temperature levels can 
be imposed on young tomato seedlings . The goal was to have at least one 
material achieve a high temperature that would lead to flower blast and 
loss of early yield. 
Four tomato cultivars were selected that show different growth 
characteristics. PikRed is an early season (68-70 day) cultivar with a 
determinate growth habit that sets fruit under adverse early spring 
temperatures. JetStar is a second early season C72 day) cultivar with 
an indeterminate growth habit. Supersonic B is a main season (~30 day) 
cultivar with an indeterminate growth habit. Heinz 1810 is a 
determinate ~~rocessing tomato type that tolerates heat stress. These 
four cultivars should show different early yield and total yield 
characteristics. 
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GENERAL LITERATURE REVIEW 
The most common explanation for tomato heat sterility has been that 
it was due to pollen abortion at temperatures above 32°C (23) . 
Temperature , however , influences al 1 the plant processes, affecting the 
growth, flowering, yield, quality and senescence of the plant. The 
development of an angiosperm flower represents the intricate interplay 
of the plant genome with the physical environment, inorganic and organic 
compounds, and growth regulatory substances (21). 
Some of the factors thought to influence the lack of fruiting at 
high temperatures are carbohydrate shortage or failure of. carbohydrate 
transport C7,14) , vine growth (1) , pollen sterility (14, 23, 24) , weakness 
of pollen (1) , transfer of pollen to the stigma (18) , splitting of the 
antheridial cone (1 C , 24) , style exertion (1 ,14, 24) , abscission of 
flowers (15), bud drop (1,2,16) and reduction of the quantity and/or 
functionality of the gametes (1 ,18) . 
Temperature Effects on Overall Plant Growth 
The optimum temperature for vegetative growth of tomatoes is 18- 
25°C (18) . Temperatures lower than this range reduce the vegetative 
growth more than flower development. Temperatures higher than this 
optimum range favor vegetative growth at the expense of flowering (18) . 
This response is associated with the competition for assimilates between 
the apex and young leaves . Al 1 growth is ceased at temperatures in 
excess of 40°C (18) . 
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The above ground temperature is the important factor affecting 
plant growth. As long as the root temperature is above 14°C, there is 
no difference in the amount of dry weight production for the plant (28). 
In the range of root temperatures of 13°C to 14°C, dry weight production 
doubled with no significant difference in dry weight production for the 
range 14-16°C (28) . 
At high temperatures there are insufficient assimilates f'or the 
optimal development of all the different organs of the plant so they are 
distributed according to the tissues sink strength (1) . Heat stress 
affects the sink strength or the ability of young flower buds to 
mobi 1 ize assimilates (7) . 'There is a reduction in the amount of carbon 
export from the ~ leaf and in carbon import by the young flower bud (8) . 
With high tel~lperatures, less 14C is transported to the trusses with the 
second flower truss being inhibited more than the first one C7) . Heat 
tolerant cultivars may be more effective in hydrolizing sucrose making 
them less stressed by a reduction in carbohydrates (18). 
High night temperatures, exceeding 21 ° C, may retard carbohydrate 
transport, yet the retardation is not sufficient to prevent fruit set 
(14) . Low carbohydrates were not critical in the failure of fruit set 
and sprays of sucrose or urea do not induce fruit set in plants at the 
onset of high temperatures (1) . 
The leaf number prior to flowering is the most temperature 
sensitive factor of early plant growth (18) . The time to inflorescence 
appearance, however, is little affected by temperature. At higher 
temperatures the flower is initiated at a higher leaf node, yet with the 
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increased rate of leaf production, the time to flower initiation is 
unaffected. The only difference for flower initiation at higher 
temperatures is a greater number of leaves produced prior to flower 
initiation ('18) . Although the time to flowering is unaffected, the 
total number of flowers produced per plant decreases with high 
temperatures (5) . 
Although the time to first flower is not changed, the period of 
time from flower initiation to anthesis is shortened by high 
temperatures (18) . The time elapsing between anthesis and noticeable 
fruit development as well as ripe fruit development is also much shorter 
at high temperatures (1) . 
A low night temperature , less than 21 °C, promotes flowering (1 ~3) . 
Fruit set is also improved with lower night temperatures with the 
optimum fruit set occurring at night temperatures of 14-20° C (22) . 
High temperatures can also affect the plant after fertilization of 
the flower is completed. Exposure of the plant to 40° C for four hours 
causes the ,olossoms to drop in most tomato cuoltivars (2). Ovule damage 
can also occur if the temperature is greater than 40° C 24 to 96 hours 
after anthesis (20) . 
Temperature ~ff'ects on Endogenous Hormones 
High temperatures affect the le ve 1 s of the endogenous hormones , 
auxin , cytokinin , gi bbe re 1 in , in the p 1 ant . At high temperatures the 
auxin level is reduced, changing the ratio of auxin to cytokinin, 
resulting in different plant growth rates . The amount of gi'obere 11 in 
formed by developing leaves is also affected by temperature . The 
endogenous leve 1 of gibbere 11 in has a pronounced affect on flower 
initiation. An increase in temperature, from 25oC to 35°C, reduces the 
level of gibberellin in the leaves, reducing the number of flowers 
produced (18) . At high temperatures, additions of G and kinetin 
sprays promoted flowering and prevented flower drop by changing 
carbohydrate partitioning C7). 
The balance of endogenous hormones has an influence on the growth 
of the style and anther parts of the flower. A change in the ratio of 
endogenous hormones may lead to a split antheridial cone or excerted 
styles (16) . 
At high temperatures th° fruit has a low level of auxin. The 
difference in heat response of different cultivars is dependent on the 
genetic ability of the fruit to supply or activate the auxin in the 
tissue of the ovary even though fertility fails or if the rate of auxin 
destruction is accelerated (14) . This auxin production allows the ovary 
to be an effective sink for carbohydrates allowing the ,growth of the 
fruit. Auxin sprays may help fruit set at high temperatures because the 
net auxin production is reduced at high temperatures. No commercial 
applications of auxin sprays are currently being used as the results are 
not consistent under field production conditions. 
Temperature Effects on Stigma 
Wild type tomatoes have stigmas that extend far beyond the anther 
therefore making them naturally cross-pol 1 mated . Shortening of the 
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style length can be traced to the shift of tomatoes from their native 
region in Western South America where insect pollination is intense to 
the Northern temperate regions where cross-pollination rates are very 
low and self-pollination is essential for fruit initiation and 
development (1g) . Cultivated tomatoes in this Northern temperate region 
are 98~ or more self-pollinated (16). 
There is a high correlation between fruit set and stigma level 
during periods of poor fruit set (19) . A low stigma level ensures 
pollination because the stigma is not only more accessible f'or 
pollination, but also does not tend to block the flow of pollen (1g). 
High temperatures will induce the elongation of the style to a point 
where fruits can be obtained only by hand pollination (1) . The stigma 
may actually plug the anther tube effectively preventing the pollen from 
reaching the stigma at temperatures above 35° C (5) . Styles can be the 
same length as the stamens or even extend beyond the stamen tube if high 
temperatures prevail (1) . No fruit set was ever observed on flowers 
with the style protruding more than one millimeter out of the 
antheridial cone (1 ~) . 
The elongated styles, caused by high temperatures, leaves the 
stigmas subjected to the environment. Browning and drying of the tip of 
the stamen tube is found as temperatures increase from 25° C to 35° C, 
making the stigmatic surface less receptive to pollen growth and 
development (1) . Stigmatic receptivity decreases with increasing 
temperature but not to the same degree as fruit set, so it is not the 
sole factor involved in reduced fruit set C5) . 
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Temperature Effects on Pollen 
Fruit set in tomatoes is sensitive to certain critical 
temperatures. The sensitivity of different cultivars is based on style 
growth, pollen viability and pollen tube growth (7~). High temperatures 
may disturb pollen germination and tube growth thereby affecting 
fertilization and fruit initiation (18). 
Temperature affects pollen development in both quantity and 
quality. The pollen mother cells undergo a reduction division into four 
pollen grains about ten days before anthesis. At this meiotic stage the 
pollen is the most sensitive to high temperatures (18, 20, 24) . A 
temperature greater than 40° C for several hours will reduce the num'eer 
of pollen grains produced (24). High temperatures before meiosis or 
during the t~lree days preceding anthesis does not affect the pollen 
number (18) . Cultivar differences exist for pollen production with 
heat-tolerant cultivars showing a less proportionate reduction of pollen 
production than heat-sensitive cultivars (2,18) . 
Pollen quality is also affected by high temperatures. Fruit set 
failure usually commences before temperatures become high enough to 
cause pollen sterility (14) . This points to the loss of vigor in pollen 
grains. The optimum temperature for pollen germination is 27°C (1) . At 
34°C fresh pollen will germinate satisfactorily but pollen tube growth 
is slowed (1,20). There is no pollen germination at temperatures above 
42° ~ (1) . 
Hand pollination of flowers with either pollen produced under 
normal or high temperature conditions shows that the pollen produced 
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under the high temperature regime was only 74. percent effective in 
producing fruit while the normal pollen was 85 percent effective (1) . 
This combination of 1 owe r po 1 len number and reduced viabi 1 ity make 
natural pollination insufficient for maximum fruit set at high 
temperatures for both heat-tolerant and heat-sensitive cultivars (23) . 
Pollen germination progressively decreases as the temperature increases, 
causing redu~:ed fruit set. As with pollen production, different 
cultivars exhibit varying temperature responses to pollen germination 
and pollen tube growth. 
Another problem related to high temperature and poor fruit set may 
be due to the inability of the pollen to reach the stigmatic surface 
C5) . Indehiscence may be the primary factor limiting fruit set at ~~igh 
temperatures (2) . The po 1 ler~ that is produced at high temperatures i s 
not released from the anther and, therefore, cannot reach the stigmatic 
surface. 
Effects of Mulch on Plant Microenvironment 
Ground mulches modify the microclimate of the soil and air in the 
immediate vicinity of the plant. A mulch can be almost any substance 
spread on t;~e ground to protect the roots and help keep tree fruits 
clean. The type of mulch determines the effect on the microclimate with 
organic matter mulches causing a cooling effect and some plastics a 
warming effect. Plastic mulch is the most common type used in 
commercial agriculture. Other commonly used mulches include paper, 
sawdust, straw or most any other commonly available organic material. 
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Some reasons for using ground mulches are to prevent weed growth, 
heat the soi 1, conserve moisture and improve aeration of the soi 1. The 
proper use of a mulch will promote earlier growth, increase marketable 
yields of some crops, reduce fruit defects, keep the vegetables clean 
and make more efficient use of space (6) . There may be some problems 
with mulches in delaying harvest or making the plants more susceptible 
to frost damage. Plants set on plastic are more easily injured by low 
temperatures and spring frosts because the soil heat is held by the 
mulch at night when the temperature is usually the lowest (4) . 
The two main types of plastic mulches used commercially are clear 
and colored. These surface mulches alter the soil temperature to a 
depth of ten centimeters or more (12) . The sun's energy is transmitted 
through the clear plastic warming the soil by several degrees. Black 
plastic has less effect on the soil temperature and it may cause the 
soi 1 temperature to be raised by only 1 .SoC at a 13 cm depth (13) . 
There is also a difference in weed control with clear offering no weed 
control and black offering excellent weed control due to light 
exclusion. 
As early as 1929, the value of mulches was assessed in Michigan 
using an asphalt paper mulch which increased yields of warm season 
crops , with cucumbers and tomatoes showing a yie ld increase of 180 , 
peppers 100 and beans 80~ (4) . Mulches that warm the soil also produce 
larger plants. Tomatoes were 13~ taller when a black paper mulch was 
used (12) . 
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Mulches have no effect on flower abortion of tomatoes (12). Mulch 
treatments of grass clippings to keep the soil temperature cool and 
black plastic to give a high soil temperature resulted in a 14°C 
temperature differential with no difference i.n the percent flower 
abortion for tomatoes (12). 
Row Cover -History 
Row co,~ers are often used in conjunction with plastic ground 
mulches to enhance plant growth. They are defined as a flexible, 
transparent covering which is instal led over single or multiple rows of 
vegetables for the purpose of enhancing plant growth and yield (27) . A 
row cover may or may not be supported with hoops and it is intended to 
be in place for a relatively short time period of from two to eight 
weeks. Row covers have many advantages over their predecessor, the hot 
tent. Row covers are a hybrid between a hot tent and a greenhouse , 
being more manageable than a hot tent and less expensive than a 
greenhouse. 
The first row covers were used in 1958 on a cucumber crop producing 
a mature crop one month earlier than a control with no row cover (11). 
Their first use with tomatoes was two years later, in 1960, with large 
commercial plantings using row covers for an early crop in California in 
1964 (11 ). ~ihe first row covers consisted of one plastic strip 1.5 m 
wide. A switch to two strips 1 m wide, which were clipped together at 
the top with clothespins, was made to aid in ventilation during hot 
periods. This system was too labor intensive so several other systems 
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were tried with the eventual introduction of the self ventilating 
slitted row cover in 1980. The advantages of the slitted one-piece row 
cover were : 80~ reduction in installation labor, self ventilating 
system, able to withstand gusty winds and a wider range of crop species 
could be grown. 
The environmental parameters modified by row covers include light, 
soil temperature, air temperature, humidity and air movement. The 
influence of row covers on the first three parameters have been studied 
but little work has been done on the change in humidity and air movement 
under row covers. 
The advantages of row cover use are: protection from desiccating 
winds, aid in warming the soil, earlier maturity, extention of the 
season and improved quality. By warming the soil, seeds may germinate 
earlier and have more uniform emergence. Maturity may be advanced by 
from five to twenty days increasing the prices received for the 
commodity, helping continuity of supply and aiding in competition with 
imports (15) . 
Row covers increase the cost of inputs and make management more 
important. The proper soil conditions and exposure are necessary to get 
maximum benefits from their use . Response is dependent on incident 
radiation, wind, type of material used, and characteristics of the soil 
C9) . extended periods of cloudy, cool weather of five days or more make 
them ineffective in modifying temperature (2e) . The environmental 
conditions may vary by location anci year giving a difference in 
earliness and yield response . 
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Other disadvantages of row cover use include : amount of labor 
needed for installation and removal, cost of materials, problem with 
wind and disposal of waste plastic. some of the new floating row covers 
and photodegradable plastics now being tested may reduce or e 1 iminate 
some of these problems . 
Effects of Row Cover on Soil Temperature 
Row covers used in con junction with ground mulches have been shown 
to elevate the soi 1 temperature . This response varies with the type of 
ground mulch and row cover used. The day-time root-zone temperature is 
slightly higher with a row cover and black plastic mulch in comparison 
to the mulch alone (27) . The night-time root-zone temperature is only 
slightly elevated under a black plastic mulch and not elevated at all by 
the row cover-mulch combination (27). 
A slitted row cover-clear plastic mulch combination increased the 
minimum root-zone temperature by 6oC (25) . This is in contrast to an 
increase of only 1 °C for clear plastic mulch used alone (25) . There is 
a difference of 5oC in root-zone temperature between clear and black 
plastic mulch when used in conjuction with a row cover, with clear 
giving the highest root-zone temperature (25) . The use of a sl fitted row 
cover-black plastic mulch combination wi 11 elevate the root-zone 
temperature by 3-4°C (26) . 
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Row Cover Effects on Microenvironment 
Row covers modify the microclimate around the plant. Plants in the 
plastic row covers can be exposed to extreme temperature variations in 
the course of a 24 hour period . The plants unde r a row cover can be 
subjected to temperatures several degrees warmer than the ambient air 
temperature during the day and several degrees cooler at night (9) . 
The positive effect of row covers on plant growth and development 
depends upon the extent to which their use is conducive to an 
improvement in the na tura 1 microc 1 imate (10) . But the resulting high 
temperature involves a considerable risk of impeding growth (10) . The 
danger to plant growth in a closed tonne 1 is due to the extremely high 
day-tirr~ temperatures that may result. The maximum temperature can be 
elevated to over 40°C in a closed tonne 1 in the spring with only a 
negligible difference in the elevation of night-time temperatures 
(10,15) . Some reports of temperatures under the row covers being lower 
than the air temperature at night have been reported (9, 25 , 27) . This 
may be attributed to the humidity, amount of ventilation and wind speed. 
Thermal radiation above 4000 nm is transmitted through polyethylene 
so it is not Pffective in maintaining night temperatures above the 
ambient air temperature (27) . Most of the heat retention and frost 
protection afforded by polyethylene covers is due to the condensation of 
moisture on the inside surface of the covers as the temperature falls 
during the night-time and the dewpoint is reached inside the cover (27). 
Under a low humidity climate, the dew point may not be reached, 
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resulting in a lower temperature under the row cover than the ambient 
air temperature . 
Slitted row covers afford 2-3oC frost protection when used in 
conjunction with a ground mulch (17, 26, 27) . The frost protection 
increases to 4oC if no ground mulch is used with the Slitted row cover 
due to a heavier condensation of moisture on the underside of t~ 
plastic over bare ground (17) . Solid plastic row covers used with a 
ground mulch will give 1-2oC higher frost protection than Slitted (26) . 
The perforations or slits decrease the frost protection due to the 
drying of the air allowing for less condensation under the tunne 1 s (10) . 
Row Cover Ventilation and Removal 
For row covers to be effective, they must be managed according to 
the temperature requirements and limitations of the individual crops 
grown. The common denominator of all row covers is the need for 
ventilation as spring temperatures increase. The effect of ventilation 
is less important under cloudy weather and when there are high 
prevai 1 ing winds (10) . Relatively large openings are necessary to keep 
the maximum day-time temperature down to a reasonable level in full 
sunshine (10) . Slitted row covers provide reasonably effective 
ventilation without appreciably sacrificing temperature increases (27) . 
There is an optimum critical temperature level at which row covers 
should be removed. There is a loss of yield and/or quality beyond this 
point with the loss getting greater the longer it is not removed (15) . 
On the other hand , too much ventilation too early in the season wi 11 
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reduce yields (10) . If ventilation is done by hand, it should be made 
when the outdoor temperatures rise to 15oC giving a temperature of 
approximately 30oC in the tunne 1. 
Adequate ventilation must be supp 1 ied to tomatoes to e 1 iminate 
damage to flower blossoms at temperatures above 40oC. The foliage is 
reasonably tolerant of high temperatures but fruit set is impaired at 
temperatures in excess of 40oC (27) . The row covers should be removed 
or more slits should be cut in the tunnel when the ambient temperature 
under the row tunnel reaches 30-32°C (27) . The time of removal is less 
critical when ventilation is supplied to the tunnel (15). With 
ventilation holes , the reduction of cumulative amount of day-time heat 
is more important than the slight reduction in frost protection. 
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SECTION I. TECHNIQUE FOR VITAL STAINING 0~~' T01~1AT0 POLLEN 
WITH FLUOROSCEIi~1 DIACETA'rE1
Additional index words: Lycopersicon esculentum, plasmellemma, breeding 
flower 
Most methods of staining pollen grains overestimate the extent of 
pollen fertility. The traditional staining method used for tomato 
pollen has been acetocarmine or Cotton Blue, which allows for a clear 
distinction between pollen grains with and without cytoplasm (2). 
However, pollen grains with cytoplasm are not necessarily fully fertile, 
as shown by germination on artificial media (2). A factor likely to be 
closely correlated with the viability of the vegetative cell of the male 
gametophyte is the state of the plasmalemma (1) . On the basis of 
plasmalemma integrity, the important distinction between viable and 
nonviable pollen grains can be made with a vital stain such as 
Fluoroscein diacetate. 
Fluoroscein diacetate is a vital stain that is hydrolyzed to 
fluoroscein in the cytoplasm and accumulated intracellularly, making it 
readily detectable by its fluorescence (1 , 4, 5) . 'I~he stain has been used 
successfully in determining the pollen viability of more than 30 
species, including onion, sugarcane, impatiens and tomato (1,3,5). 
Fluoroscein diacetate is most effective when used with fresh pollen; 
1 Research a er acce ted for ublication in Hor°tScience 22 (5) : ~5~ . p p p p 
Journal Paper No. J-1258 of the Iowa Agriculture and Home Economics 
Experiment Station, Project No. 2774. 
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some problems with its use have been experienced when using pollen 
stored for only a few days (1) and with the small amount of tomato 
pollen shed from one flower . 
The procedure of Ockendon and Gates (2) was used to evaluate 
viability of fresh tomato pollen collected from one flower. Two 
milligrams of the stain were dissolved in 100 milliliters acetone, and 
one drop of this stain solution was mixed with one drop of a 0.5-M 
sucrose solution. One drop of this dye-sucrose mixture was placed on 
the center of a slide, and pollen was then dusted on it. 
Several problems resulted with this procedure because of the small 
amount of pollen available. It was difficult to dust a small quantity 
on a microscope slide with even distribution. To overcome this pro'~lem, 
the sucrose-dye solution was added to the flat bottom vial used in the 
collection of pollen. This solved the pro'olem of small sample size and 
poor distribution, but gave variable results because many samples had 
completely inviable pollen. It was found that by adding the solution 
directly to the pollen sample in the vial, the acetone had not had 
enough time to evaporate and thus caused death of the pollen. 
The procedure that gave re 1 fable and repeatable results with the 
small pollen sample size called for keeping two separate solutions. 'The 
first solution was the acetone-fluoroscein diacetate mixture of 2 mg 
fl.uoroscein ;~iacetate in 100 ml acetone, and the second was the 0.5-M 
sucrose solution. To allow the acetone time to evaporate, one drop of 
the dye solution was placed on the center of the microscope slide and 
allowed to set for at least 60 sec. While the acetone was evaporating, 
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five drops of the sucrose solution were added to the freshly sampled 
pollen in tl~e vial to suspend the pollen grains. After vigorous mixing, 
one drop of the pollen solution was placed on the center of the slide 
over the drop of dye, and a cover slip was added. This modification of 
Ockendon and Gates (2) procedure was used more than 100 times and worked 
well in getting a uniform distribution of the small amount of pollen 
onto the slide and e 1 iminating any toxic effects of the ace tone . 
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Figure 1. 'The three white (or fluorescing) pollen grains are viable, 
while the five black (or non-fluorescing) pollen grains are 
dead 
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SECTI01~ II. GROWTH CHAFER EXPERII~~NT 
The growth chamber experiment was undertaken to study the effects 
of temperature on pollen quality and quantity. The ability of the 
pollen to set fruit was also evaluated. The experiment was repeated 
twice, the first run was started in December of 1985 witrl the second 
immediately following in February of 1986. 
Materials and Methods 
The experiment was carried out in the research greenhouse and 
growth chambers located in the Horticulture Building at Iowa State 
University. The experiment was a randomized complete block design with 
four blocks of four tomato cultivars and two temperature regimes. The 
experiment was repeated twice due to limited space in the growth 
chambers . 
The tomato plants for the first run were seeded on December o, 
1985 , and w~~ re transplanted into 18 cm pots on the greenhouse bench on 
December 12, 1985. The plants for the second run -were seeded on 
February 1 , 1986, and transplanted into 18 cm pots on February 20. The 
plants were given supplemental lighting, a combination of metal nalide 
and high pressure sodium lamps, for a fourteen hour photoperiod from 
7:OOam till 9:OOpm. Greenhouse temperatures were maintained at 26°C day 
and 20°C night, +/-SoC. 
The plants were fertilized and watered as needed with a complete 
fertilizer and micronutrient mix. They were staked and pruned to a 
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single stem with continual pruning of the suckers through to the 
conclusion of the experiment. Four cultivars were used: PikR.ed, 
Jetstar, Supersonic B, and rieinz 1810. 
Growth chambers were set up with a fourteen hour photoperiod and 
day/night temperatures were coordinated with the light schedule . Lights 
came on at 6:00am and shut off at 8:OOpm. The low temperature chamber 
was set up with aday/night temperature of 240/1 e° C (75°/61 °F) . The 
high temperature chamber had the same temperature with the inc 1 union of 
a three hour period of 38° C (100° F) from 12:00 noon to 3:OOpm. The 
relative humidity was held around 60 percent for the term of the 
experiment. Temperatures were monitored with copper-constantan 
thermocouples located near the first flower cluster. 
The first repetition went into the growth chambers on January 30, 
198r~ at the third true leaf stage with no visible flower clusters and 
was moved to the greenhouse on February 28 after three flower trusses 
had developed on a majority of the plants. The second repetition went 
into the growth chambers on ~~Iarch 10, 198 and was moved to the 
greenhouse on April 8. Plants were held in the greenhouse after removal 
from the growth chambers to collect data on fruit set. 
Data were collected on all flowers which reached anthesis while in 
the chambers. Dates of anthesis and flower set were recorded by flower 
and cluster; pollen viability was assessed using the fluoroscein 
diacetate dye method (See Section I) . 
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Results and Discussion 
No variety by temperature treatment interactions were significant, 
so only data on the main effects of treatment are covered in this study 
(Table 1) . The high temperature , three hours at 38oC, produced less 
total flowers and had fewer flower clusters develop over the time period 
that they were in the growth chambers (Table 1) . This a,~rees with 
Charles and Harris (2) observation that less totes 1 flowers were produced 
per plant as temperatures were increased from 10oC to 26.7° C. 
The plants grown in the higher temperature regime exhibited 
adaptions to the higher temperature . The plants were a much darker 
green showing less lush growth and were much smaller and compact in 
size. They also had a much thicker cuticle and were more drought 
tolerant. The overall growth was much slower than those tomatoes grown 
at the lower temperature . The slower growth fo 1 lows Picken et al . ' s (4 ) 
Table 1: Effect of high temperature on growth chamber tomato flower 
production and characteristics per plant, January-February 
1986 
Totes 1 
Fruit Viable pollen Total 
Treatment Clusters Flowers set pollen dehisced fruits 
 No   ~   No 
LowZ 2.4ay 13.8a 94.3b 41.45a 940a 13.Oa 
Highx 1.8b 7.Ob 100.Oa 0.03b 20b 7.Ob 
zDay/night temperature of 24°/16°C. 
yMean separation within columns by t -test, 5~ level. 
xSame as "z" with a three hour 38oC time period included from 
12noon to 3pm daily. 
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statement about the optimum temperature for vegetative growth being 18- 
25°C. The tomatoes in the high temperature chamber flowered six days 
later than those in the low temperature chamber . 
Shelby et al. C7) stated that tomatoes show heat sterility at 32°C, 
This was not shown to be true for this experiment. In fact, the percent 
fruit set was significantly better at the higher temperature (Table 1) . 
However , even though a high fruit set occurred, no measure of the number 
of seeds was taken to determine how many pollen grains had fertilized 
the flower . The final fruit size and quality can vary a great deal 
depending on how many seeds are in the developing fruit. 
The low temperature treatment produced significantly higher percent 
viable pollen and total pollen shed by the flowers. Several factors 
could affect these two values. Temperature affects the mother cell 
division process with temperatures in excess o.f 40oC reducing the total 
pollen number C4,o,8) . Also, at high temperatures, indehiscence of 
pollen may be a primary factor limiting the set of fruit (1) . 
Even though only a very small amount of pollen was shed at the 
higher temperature regime , and the pollen that was shed was not very 
high in viability (Table 1) , tomato fruits will deve lop once ferti 1 ized 
with as little as one pollen grain and with the fruit containing only 
one seed (5) . 
The reduced fruit set at the lower temperature could have been 
caused by the greater number of flowers produced per cluster . The seeds 
in developing fruits produce auxin that causes mobilization of nutrients 
into the tissue assuring continued development of the fruit (3) , The 
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young flowers at the tip of a cluster often can not compete with the 
older flowers in nutrient acquisition so they abort due to a lack of 
sufficient carbohydrates for continued growth. 
The experiment showed that temperature does indeed affect the 
growth and flowering processes of the plant. The 38oC temperature 
however, was not high enough to reduce fruit set even if it did reduce 
po 11 en number and qua 1 i ty and the to to 1 number of f 1 owe r s . The main 
effect was to reduce t~ total flower number without reducing fruit set. 
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SECTION III. FIELD EXPERIMENT 
Plastic row covers used for early yield enhancement of tomatoes in 
Iowa need to compromise frost protection with adequate ventilation to 
prevent !'flower blast" which can occur if temperatures are too high. 
There are several different row cover systems are on the market which 
offer varying amounts of ventilation and frost protection. These 
systems have a cost which needs to be recovered from increased early 
returns. Therefore, they must be managed so that this early yield 
potential will not be lost due to a couple of unseasonably warm days. 
The optimum temperature for vegetative growth of tomatoes is 1 S-
25oC with all growth ceasing at temperatures in excess of 40oC (9) . 
High temperatures can also affect the plant after ovule fertilization. 
Exposure of the plant to 40oC for four hours causes the blossoms to drop 
in most tomato cultivars (2) . Ovule damage can also occur if heat is 
applied 24 to 90 hours after anthesis (10) . 
High temperatures can cause poor fruit set which may be due to t~ 
inability of the pollen to reach the stigmatic surface (3) . There is a 
high correlation between fruit set and stigma level during periods of 
poor fruit set. High temperatures will induce the elongation of the 
style to a point where fruits can be obtained only by hand pollination 
(1) . Indehiscence may be another factor limiting fruit set at 'nigh 
temperatures (2) . The po 1 len that is produced at high temperatures i s 
not released from the anther and, therefore, cannot reach the stigmatic 
surface . 
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For row covers to be effective , they must be managed according to 
the temperature requirements and limitations of the individual crops 
grown. The common denominator of all row covers is the need for 
ventilation as spring temperatures increase. The effect of ventilation 
is less important during cloudy conditions and when there are high 
winds. Relatively large openings are necessary to keep the maximum day-
time temperature down to a reasonable level in full sunshine. Adequate 
ventilation must be supplied to tomatoes to eliminate damage to flower 
blossoms at temperatures above 40°C. Slitted row covers provide 
reasonably effective ventilation without appreciably sacrificing 
temperature increases . 
The objective of the experiment was to evaluate the effects of 
temperature on the early yield of fresh market tomatoes . Through the 
use of different row cover materials, various temperature levels can be 
imposed on young tomato seedlings. The goal was to have at least one 
material achieve a high temperature that would lead to flower blast and 
loss of early yield. 
Materials and Methods 
The experiment was conducted at the Iowa State University 
Horticulture Research Station on a central Iowa Clarion loam soil (a 
member of the typic Halpudolls fine, loamy mixed mesic) . A broadcast 
application of fertilizer as needed by soil analysis was incorporated by 
rototilling. To suppress weed growth, trifluralin was applied at 1.12 
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kg/ha ai before laying a black plastic ground mulch on 1.8 meter 
centers. 
The factorial experiment consisted of five whole block row cover 
treatments : no row cover , clear slitted, insolarl , clear with 1 .9 mm 
perforations (designated as perforated) and clear with 1.9 mm 
perforations with a 10 mm hole above each plant (designated as chimney ) 
(see Appendix A) . Four cultivars of tomatoes, PikRed, JetStar, 
Supersonic B and Heinz 1810 were the subplots and were seeded in the 
greenhouse on April 1 , 1986, in 72 cell trays. They were transplanted 
to the field on May 1 in a randomized complete block design with four 
replications. The cultivars were competely randomized to the subplots. 
The plants were spaced in the row at 0.6 m with four plants per 
cultivar treatment or sixteen plants per row cover treatment. All row 
covers were installed at the time of transplanting and copper-constantan 
thermocouples were installed next to the plant at the growing point. 
Each row cover plot had three thermocouples wired in parallel to give an 
average output reading of the three inputs (3) . The tempe ratl.~re s were 
recorded with a Honeywell recorder unit daily on the hour. Eleven hours 
were recorded with data being taken at Sam, 6, 8, 10, 12noon, 1 pm, 2, 3, 
4, 5, and 8. 
All row covers were removed on May 29 when the plants were pushing 
into the plastic. Carbaryl insecticide was applied at this time for 
1 Insofar a i mented lactic is a trademark of Ken-Bar Inc . p g p > > 
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cutworm control. Tensiometers were placed in the plot on June 3 for 
monitoring of the trickle irrigation schedule. The plants were 
irrigated to maintain the soil moisture tension in the root zone at 25-
30 chars (field capacity) and sprayed for insects and disease according 
to the pesticide control schedule for the Horticulture Research Station. 
The fruits were harvested when ripe and sorted into marketable and 
culls. Cull fruits included rots, radial and concentric cracks and 
small fruit. Yield was split into early yield (July 14 to 21) , mid- 
yie ld (July 21 to August 1) and late yield (August 1 to 20) . 
Data were collected for date of flower anthesis, flower number by 
cluster for the first two clusters, percent fruit set, date of first 
harvest, weight of marketable and cull fruits. 
Results and Discussion 
Temperature 
The five row cover systems selected gave the desired distribution 
of temperatures (Fig. 1 , Fig. 2 and Table 1) . Figure 1 shows the daily 
variation of high temperatures . A low of 14oC and a high of 50oC were 
recorded as the high temperature under the row cover for the period the 
row covers were in place . Four cool , cloudy days (May 10, 15 , 17 and 
27) gave little or no separation of the high temperatures achieved under 
the row covers . On eleven days the maximum temperatures for the 
perforated row cover system exceeded 40oC which is considered a critical 
temperature for the tomato flower (2 ,11) in that it may lead to reduced 
pollen viability and flower abortion. 
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the five row cover systems for the 1986 tomato crop 
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The temperatures under the row covers for the overall time period 
the covers were in place was significantly different for all treatments 
(Table 1) . A three day consecutive high temperature period also showed 
a significant difference between all treatments. On the three day 
consecutive cool period, only the chimney and perforated row covers 
warmed up to be significantly higher than the rest. 
Table 1. Average air temperatures (°C) summed over 
the time period row covers were in place, 
and for a three consecutive day high and 
low temperature time period 
Overall High Low 
May 6-28 May 6-8 May 16-18 
No row cover 10.1 ez 21 .4e 12.4c 
Insolar 17.2d 22.8d 12.9c 
Clear slitted 17.9c 24.4c 13.4c 
Chimney 19.7b 26.3b 14.8b 
Perforated 21 .4a 28.3a 16.1 a 
zMean separation in columns by Duncan's 
multiple rangz test, 5~ level. 
The hourly averages for the three day consecutive warm period of 
May 0, 7 and 8 are shown in Figure 2. The five row cover systems were 
different in the degree that they warmed the air around the plant with a 
good separation of temperatures between the different row covers. There 
was a difference of 17oC between no row cover and the perforated row 
cover at 1 pm, the time of maximum difference in temperatures. There was 
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little or no difference in temperatures at night with the low 
temperature being at Gam, just before sunrise. The row cover system 
that warmed to the highest temperature , perforated, started to rise in 
temperature faster and earlier, and stayed at the higher temperature for 
a longer time . Thus plants under the row covers were in a warmer 
environment for a longer period of time compared with no row cover . The 
row cover's temperature peaked about 12 to 1 pm whereas the no row 
cover's temperature peaked at 2pm which is when we normally have the 
highest air temperature of the day. 
The increased temperature under row covers translated into 
increased early growth of the plants. Picken et al . ' s (9) state that 
the optimum temperature for vegetative growth of tomatoes is 18-25oC, 
The month of May in 1986 was normal for temperature with an overall 
average of 16.1 oC (Table 1) . The normal May rr~an average temperature is 
16oC. Even with this average, the temperature for no row cover exceeded 
z5°C, the upper temperature for optimum vegetative growth, on six days 
(Fig. 1) . Also, if the temperature is raised too high, the pollen may 
be damaged, resulting in reduced fruit set. Abdulla and Verkerk (1 ) 
stated the optimum temperature for pollen germination is 27oC. Pollen 
tube growth is reduced at 34°C with no germination of pollen at 
temperatures in excess of 42oC (1 ,10) . Fertilized flower blossoms may 
also drop if exposed to temperatures in excess of 40°C for 4 hours or 
longer (2) . Thus, the chimney and perforated systems have the potential 
to reduce yield because of high temperatures . 
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Flower production 
For the first cluster flower production, only the main effect of 
cultivar was statistically significant (Table B1). The total number of 
flowers produced on the first cluster showed JetStar and Heinz 1810 to 
be superior to PikRed (Table 2) , but Heinz 1810 was better than the 
other three cultivars in fruit set resulting in the largest fruit 
number. This shows Heinz 1810 as having better fruit setting traits 
than the other cultivars which is a characteristic of processing 
tomatoes . 
There was a treatment by cultivar interaction for second cluster 
flower production (Fig. 3, Table B1) . The results show that the 
interaction was caused mainly by Heinz 1810 which responded to the 
higher temperatures under the chimney and perforated row cover system in 
producing more flowers on the second cluster. The other three cultivars 
varied between treatments on second cluster flower production by only 
Table 2, cultivar effect on tomato first flower cluster 
production, 1986 
Flower Fruit Fruit 
No, set ~ No. 
PikRed 22bz 76.2b 17b 
Je t star 29a 71 .8b 21 a 
Supersonic B 2oab 74.2b 19ab 
Heinz 1810 27a 8q..1 a 23a 
zMean separation within columns by Duncan's multiple 
range test , 5~ le vA 1. 
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four flowers each which was less than the LSD (5~ leve 1) for the 
interaction. Heinz 1810 varied by 21 flowers produced between the best 
(chimney) and no row cover , Fruit set on the second cluster was similar 
for all row covers, but Heinz 1810 was significantly better, 81 ~, than 
the other three, 70~. Thus, fruit number on the second cluster was 
highest for Heinz 1810 with the chimney and perforated row covers. 
An interaction occurred in total fruits produced from the first 
two clusters (Table 3, Fig. 4) , This reflects the effects on t~ second 
cluster , The trend was for increasing temperature to produce more fruit 
for Heinz 1810, but only for the chimney and perforated treatments which 
are significantly better than the other row covers. Also, Heinz 1810 is 
better than the other cultivars only for the chimney and perforated row 
cover treatments. 
These interactions show that the increased temperatures caused by 
the row cover lead to a greater flower production and a larger number of 
fruits produced, This is in contrast to the growth chamber experiment 
R 
t 
where less flowers were produced under higher temperatures. .A 
difference with the field experiment was that the temperatures were not 
high every day as they were in the growth chamber. Fruit maturation, as 
indicated by early yield , was not accelerated for the two treatments 
with the highest temperatures , indicating that the high temperature , 
although it produced more flowers, did not speed the plants net growth 
rate. 
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Table 3e ANOVA for total fruit number (first 
and second cluster) produced by 
field grown tomatoes, 1986 
Nlodel df MS Prob > F 
Block 3 128.25 0.4976 
Row Cover (RC) 4 198.95 0.3239 
Error a 12 152.83 
Cul tivar (V) 3 1011 .25 0.0001 ~~ 
RC~V 12 146.54 0.0143~~ 
Error b 45 59.38 
Total 79 132.65 
SE 5.45 
C.V. 19.8 
~~ F-test significant at 1 ~. 
~a 
~a 
LSD
.05
PikRed 
Jetstar 
Supersonic B 
Heinz 1810 
Figure ~.. Fffect of row cover and cultivar on second cluster fruit 
n~ ember of field grown tomatoes in Ames , 1986 
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Yield 
There were no interactions between row covers and cultivar , so only 
main effect means are presented here . The ANOVA for the yield data is 
in Appendix C . 
The four cultivars showed different characteristics for time of 
yield, percent marketable yield, fruit number and fruit size, which is 
to be expected based on the individual cultivar traits. JetStar started 
out with the highest early total and marketable yield with Supersonic B 
not being statistically different (Table 4) . The total mid-yield was 
the same for all four varieties with the marketable yield varying 
depending on the amount of culls. This left PikRed with the lowest 
marketable yield due to cracking. JetStar was significantly higher than 
both PikRed and Supersonic B in mid-marketable yield. Supersonic B had 
the highest total late yield. However, because of higher cracking 
percentages, Supersonic B did not out perform JetStar in marketable 
yield. Both Supersonic B and JetStar were significantly better in late 
marketable yield with Heinz being significantly better than PikRed. 
In total yield for the season, JetStar and Supersonic B were 
significantly better than the other two cultivars (Table 4) . Marketable 
yield of PikRed was less than the other three with JetStar and 
Supersonic B being significantly higher in yield than the other two 
cultivars. 
PikRed had the most culls over the entire season and Heinz had the 
least (Table 4) . Supersonic B and JetStar were not significantly 
different in culls for early yield, however JetStar improved having 
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significantly less culls for the rest of the season and for the total 
yield of the season. 
The number of fruits per plot and fruit size varied with Heinz 
having the most fruits of the smallest size throughout the season (Table 
4) . JetStar , Supersonic B and PikRed had the same size fruits for the 
season, however the size of PikRed were significantly smaller for late 
yield. JetStar had a higher fruit number for early yield than 
Supersonic B and PikRed. Supersonic was not expected to be as high in 
early yield as JetStar as it is a main season cultivar . PikRed was 
always low in fruit number per plot. 
The enhancement of growth under the slitted and insolar row covers 
resulted in a significant increase in early total and marketable yield 
(Table 5) . The clear slitted row cover enhanced early marketable yield 
by 177 and insolar enhanced it by 109 as compared with no row cover. 
These two row cover systems had significantly higher fruit numbers than 
the other row covers. There was no difference in fruit size for the row 
cover treatments. This suggests that increased early yield comes from 
increased number and not size of fruits harvested. The chimney and 
perforated covers did not advance early yield even though the plants 
were larger than the no row cover treatment. There was no increase in 
the fruit maturity rate for those row covers that exceeded 40oC which 
follows Picken et al . ' s (9) statement that plant ,growth ceases at 
temperatures in excess of 40°C. 
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Table 4. Effect of row cover system on early, mid, late and total 
tomato yield for the four cultivars in the field, 1986 
Yield 
Total Cull Marketable Fruits Size 
PikRed 2.73bz 
JetStar 3.72a 
Supersonic B 2.93ab 
Heinz 1810 1.61 c 
Mid yield July 21-August 1 
PikRed 15.15a 
JetStar 18.17a 
Supersonic B 15.23a 
Heinz 1810 15.49a 
Late yield August 1-20 
PikRed 25.10c 
JetStar 38.57b 
Supersonic B 48.32a 
Heinz 1810 23 . o0c 
Total yield July 14-August 20 
PikRed 42.97b 
JetStar 60.47a 
Supersonic B 66.48a 
Heinz 1810 40.71 b 
Early yield July 14-21 
--t/~-- --~-- --t/~-- -No/plot- --gm-- 
230a 
213a 
64 a 1.03 c 
32b 2.89a 
38b 1.92b 
6c 1 .50bc 
58a 6.19c 
10c 16.24a 
17b 12.98b 
2d 15.27ab 
73a 6.98c 
23c 29.73a 
36b 31.24a 
1 d 23.36b 
67a 14.21 c 
19c 48.85a 
32b 46.14a 
2d 40.14b 
2.Oc 
5.9b 
3.6c 237a 
8.oa 77b 
13.5c 
34.8b 
29.4b 
88.oa 
208a 
210a 
191 a 
77b 
18.4c 167b 
69.4b 190a 
o8.8b 202a 
152.8a ~9c 
33.8c 190a 
110.Ob 198a 
101 .8b 200a 
250.Oa 7?b 
zMean separation within columns by Duncan's multiple 
range test, 5~ leve 1. 
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Table 5 . Effect of row cover system on early tomato yield, 1986 
Ear ly-yield, July 14-21 
Total Cull Marketable Fruits Size 
--t/~-- --~-- --t~~-- -No/plot- --gms--
No row cover - 1 .75bZ 44a 1.19b 3 , 6b 176a 
Inso lar 3.63a 31 ab 2.49a 7.3a 181 a 
Clear slitted 4.64a 26b 3.30a 7.4a 198a 
Chimney 2.33b 39ab 1.35b 4.2b 166a 
Perforated 1.41 b 35ab 0.87b 2.7b ?04a 
zMean separation within columns by Duncan's multiple 
range test, 5~ leve 1. 
Interestingly, the perforated and chimney had lower early yield 
even though they had the highest flower production compared to the 
slitted and insolar. The interaction of row cover and cultivar in 
producing more flowers on Heinz 1810 did not show up in early yield. 
The reason for this is Heinz 1810 is a main season cultivar so the 
interaction response did not show up in early yield. 
Mid-yield of the clear slitted row cover was significantly higher 
for both total and marketable yield than no row cover but did not have 
any advantage over the other row cover systems (Table 6) , These higher 
yields were reflected in the number of fruits produced except for the 
insolar row cover. There was no significant difference in fruit size 
between the row cover systems (Table 6) . 
45 
Table 6 . Effect of row cover system on mid-tomato yield, 1986 
Mid-yield , July 21-August 1 
Total Cull Marketable Fruits Size 
--t/~-- --~-- --t~~-- -No/plot- --gms--
No row cover 13.42bz 21 a 10.42b 32b 182a 
Insolar 15.99ab 22a 12.38ab 38ab 174a 
Clear slitted 18.69a 21 a 15.01 a 45a 178a 
Chimney 16.81 ab 24a 13.25ab 47a 150a 
Perforated 15.15ab 19a 12.30ab 45a 1~3a 
ZMean separation within columns by Duncan's multiple 
range test, 5~ level. 
The late yield of the perforated row cover exceeded the clear 
slitted and no row cover treatments for both total and marketable yield 
and also the Insolar treatment in marketable yield (Table 7) . The clear 
slitted row cover had a lower late yield than the other row cover 
systems due to its yield being shifted to an earlier time. The enhanced 
growth of plants due to the higher temperature gives the row cover 
treatments, especially the perforated and chimney, an advantage in 
having larger plants and greater truss development so they yield better 
late in the season. The perforated treatment had a significantly higher 
number of fruits over all treatments except chimney. There was no 
difference in fruit size for any of the treatments. 
The total yield was not significantly different for any of the row 
cover systems; but, with the exception of Insolar, row covers were 
better versus no row cover (Table 8) . Marketable yields followed the 
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Table 7. Effect of row cover system on late tomato yield, 1986 
Late yield, August 1-20 
Total Cull Marketable Fruits Size 
--t/ha-- --~-- --t/ha-- -No~plot- --gms--
No row cover 30.68bz 34a 19.44c 60c 165a 
Inso lar 32.90ab 37a 21 .00bc 72bc 156a 
Clear slitted 31.52b 33a 21.57bc 74bc 157a 
Chimney 35.73ab 31 a 24.71 ab 88ab 152a 
Perforated 38.66a 33a 27.42a 93a 156a 
zMean separation within columns by Duncan's multiple 
rangy test, 5~ leve 1. 
Table 8 . Effect of row cover system on tota 1 tomato yield , 1986 
Total yield, July 14-August 20 
Total Cull Marketable Fruits Size 
--t ha-- --~-- --t/~ha-- -No/plot- --gms--
No row cover 45.85bZ 31 a 31 .04b 95b 171 a 
Insolar 52.52ab 32a 35.87ab 117ab 165a 
Clear slitted 54.83a 28a 39.86a 127a 169a 
Chimney 55.22a 30a 39.30a 140a 158a 
Perforated 54.87a 28a 40.60a 140a 161 a 
zMean separation within columns by Duncan's multi le p 
range test, 5~ level. 
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same trend. Insofar reduces light transmission (13) to keep the 
temperature under the row cover cooler, so the plants were not as large 
in size as the perforated and chimney. This kept the total yield of 
insolar treatment from being as high as the other row cover treatments. 
There was no difference in the percent culls for any of the treatments. 
The total fruit number followed the same trend as for yield with a 
greater number of fruits for row cover treatment over no row cover with 
the exception of the insolar treated plots. There was no size 
difference for any of the row cover treatments. 
The row cover's main advantage is, its early yield. The interaction 
of row cover and cultivar on flower production for Heinz 1810 did not 
appear to enhance early yield or total yield. Row covers did not affzct 
the flower formation or number for the other three cultivars. The early 
yield increase from the sl fitted and insolar came from advancing the 
ripening of the fruits allowing them to mature earlier than they 
normally would with no row cover. 
The temperature enhancement of the slitted and insolar row covers 
helped improve early yield . The early tota 1 yield first increased , then 
decreased, as the average temperature for the three hour time period, 12 
noon, 1 , and 2pm, increased under the row cover (Figure 5) . This shows 
that some factor cause s a yie ld loss as the temperature increases . 
According to Sugiyama et al. (11} this factor is the critical 
temperature of 40°C under the row cover . The duration of the high 
temperature period is important with three hours above 40oC being 
critical (11) . Temperatures in excess of 40°C can cause loss of pollen 
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viability and lack of fruit set C9). Fertilized fruit may also abort if 
the temperature is above 40oC for too long (2) . 
.All the row covers exceeded 40oC for at least 1 hour (Table 9) . 
The early total yield was significantly greater for t~ insolar and 
clear slitted row covers which showed a minimum of times exceeding 40°C. 
As the frequency of temperatures exceeding 40°C increased , the early 
total yield decreased (Table 9) . The peak in early total yield is at a 
very low frequency of temperatures in excess of 40oC. The early tota 1 
yield was not advanced as the frequency of temperatures above 40oC for 
three consecutive hours occurred (Table 9) . with just four days having 
temperatures above 40oC for three consecutive hours, the early yield is 
just 50~ of that from the best yielding treatment. 
Sugiyama et al . ' s (11) stated that temperatures in excess of 40°C 
for three consecutive hours will reduce early yield. Yet this did not 
seem to hold true for perforated and chimney row covers. Yield was not 
significantly different than that of no row cover (Table 9) , so the 
perforated and chimney treatments did not appear to lose any flowers to 
high temperature. The second cluster flower production and fruit set 
were not decreased, and in the case of Heinz 1810, was significantly 
increased (Fig. 3) . There was no difference in fruit number for the 
treatment of row covers, and irl fact, with the cultivar interactions, 
Heinz 1810 had more fruit on the second cluster with the perforated and 
chimney row cover treatments. 
This leads to the conclusion that the advantage of clear slitted 
and insolar row covers is in advancing the maturity of the fruits. By 
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TABLE 9. Effects of temperature over 40° C on early tomato yield, 
1986 
Days with three Total 
Hour pts exceedZng consecutiveohg~ur Yield 
Treatment 40-C for montYr- pts over 40-~ t/ha 
No row cover 0 0 1.75by 
Insolar 1 0 3.63a 
Clear slitted 5 0 4.54a 
Chimney 29 4 2.33b 
perforated 80 18 1.41b 
ZHour pts =temperature was recorded on the hour at Sam, 5, 
8 , 10 12noon , 1 pm, 2 , 3 , 4 , 6 , ~8 . Tota 1 hour pts for May = 253 . 
Mean se aration within columns b Duncan's multi le ran e p Y p g 
test , 5~ le ve 1. 
increasing the temperature under the row cover , yield wi 11 be advanced 
as long as it doesn't exceed a certain level. This level is not exc~ded 
by the Insolar and clear slitted due to their design. 
Yield of perforated and chimney treatments are not reduced below 
that of no row cover . The total yield for the season of all row covers 
was the same , being better than no row cover . This leads to the 
conclusion that no flower loss occurred due to the higher temperature. 
The clear slitted row cover gave the best yield of early tomatoes 
without exceeding 40°C for three consecutive hours. It was designed to 
give the proper amount of 1 fight transmission and ventilation to achieve 
maximum early yield of tomatoes during the spring weather . 
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SECTION IV. JULY HEAT STUDY 
The experiment was conducted to evaluate t~ performance of clear 
slitted row cover at high ambient temperatures. Therefore, it was run 
during July, a hot period of the summer . The objective was to achieve a 
high temperature that would cause flower blast of the first two flower 
clusters. 
Materials and Methods 
The experiment was conducted at the Iowa State University 
Horticulture Research Station on a central Iowa Clarion loam soil (a 
member of the typic Halpudolls fine, loamy mixed mesic) . This 
experiment was run adjacent to the experiment in Section III. A 
broadcast application of fertilizer as needed by soil analysis was 
incorporated by rototilling. Black plastic ground mulch was then laved 
at 1.8 meter centers. 
A split plot factorial experimental design was used with four 
replications. The two whole plot treatments were no row cover and clear 
slitted row cover. Three cultivars of tomatoes: Jetstar, Supersonic and 
PikRed were the subplots and were seeded in the greenhouse on May 27 , 
1986 in 72 ce 11 trays . They were transplanted to the field in a 
randomized complete block design on June 24, 1986. The plants were 
trickle irrigated to maintain the soil moisture tension in the root zone 
at 25-30 chars (field capacity) . The row covers were instal led on July 
7, 1986 after the plants were established in the field. Copper 
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constantan thermocouples were installed next to the plant at the growing 
point. Each plot had three thermocouples wired in parallel to give an 
average output reading for the three inputs (2) . The temperatures were 
recorded with a Honeywe 11 recorder unit daily on the hour . Eleven hours 
were recorded with data being taken at Sam, 6, 8, 10, 12noon, fpm, ~, 3, 
4 , o and 8 . 
The row covers were removed on July 17 , 1986 , after the tomatoe s 
were pushing into the plastic . Me tr ibuz in was sprayed between the 
plastic mulch on August 1 to control weeds. Data were collected on air 
temperatures under the row covers, flowers on the first and second 
clusters and percent fruit set. No harvest was made due to the late 
date of planting. 
Results and Discussion 
No cultivar by row cover interactions were found, so only data on 
the main effect means are presented (Table D1) . The two row cover 
treatments showed a difference in temperature over the time the row 
covers were in place (Fig. 1 , Table 1) . The slitted row cover warmed up 
quicker in the morning and achieved a higher temperature (Fig. 1) . 
There was very little difference in nighttime temperatures with the low 
being at Gam. 
The average temperature under the clear slitted row cover was 
significantly higher at 28.6oC than that of no row cover at 24.8° C 
(Table 1) . The average temperature of 24.8oC was higher than the 10.1 °C 
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average for the May period. This temperature difference affected plant 
growth and de ve 1 opment . 
On several occasions, the temperature exceeded 40° C for the slitted 
row cover and one day had three consecutive hours over 40°C (Table 1). 
This is considered a critical temperature for the growth and development 
of tomato plants (1 , 4) . Picken et al . (3) state that the optimum 
temperature for vegetative growth is 18-25° C and all growth is 
essentially stopped at 40° C (3) . The average temperature of the clear 
slitted row cover was 28.6oC, we 11 above the optimum range while the 
average temperature .for no row cover was at 24.8° C. The temperature in 
excess of 40° C could account for a loss of flower set (4) . Ahmadi ~ and 
Stevens (1) found that temperatures in excess of 40° C for four hours or 
longer led to flower blossom drop. 
There was no difference in the number of flowers produced on the 
first and second cluster as affected by row cover treatment (Table 2) . 
Fruit set was significantly different on the first cluster with no row 
Table 1 . Effect of row cover on air temperature , July 1987 
Average 
temperature 
Hour ptsu 
exceeding 
40—C 
Days with thzee 
hour points 
over 40--C 
No row cover 24.8ay 0 0 
slitted row cover 28.6b 8 1 
zHour pts =temperature was recorded on the hour at 5 , 5 , 8 , 
10am, 12noon, 1 , 2, 3 , 4 , 5 , 8pm. Total hour pts for July = 121 . 
yMean separation within columns by t -test, 5~ level. 
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Table 2 . Tota 1 flowers and fruit set by cluster for late heat study 
Total Flowers Fruit Set 
First Second First Second 
Cluster Cluster Tota 1 Cluster Cluste r 
No 
No Row Cover 20aZ 22a 42a 14.2a 19.2a 
Slitted 19a 22a 41 a 6.1 b 18.3a 
PikRed 17b 18b 35b 7.2a 24.7a 
JetStar 21 a 23a 44a 14.5a 25.9a 
Supersonic B 19b 24a 43a 8.8a 25.7a 
zMean separation within columns by t -test , 5~ leve 1. 
cover having a 230 better fruit set than the clear sl fitted row cover . 
There was no difference in fruit set on the second cluster. The reason 
that first cluster was affected may be due to the fact that July ~ and 
10 were the two warmest days of the period July 7-17 which may have 
affected the fruit set on the first flower cluster. 
The cultivars were different in the number of flowers produced 
(Table 2) . JetStar produced significantly more flowers on the first 
cluster than the other two cultivars. For second cluster flower number 
and total flowers, JetStar and Supersonic B produced significantly more 
than PikRed. Fruit set was the same for all three cultivars on the 
first flower cluster. JetStar and Supersonic B had a significantly 
higher fruit set than PikRed on the second flower cluster . 
T~ increased temperature of the Slitted row cover had no effect on 
flower number. This follows the May field experiment where these sarr~ 
three cultivars showed no response in flower numbers to the treatments. 
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First cluster fruit set was affected by the row cover treatment in 
this study. The fruit set percentages were much lower, being in the 15 
to 25 percent range versus 70 to 80 percent range for the spring study 
which was discussed in Section III. This may be due to the higher night 
temperatures, with the average morning low being 19oC for July 7-17 
versus 10oC during May . 
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CONCLUSIONS 
The temperature affects the fruiting of tomatoes. As the 
temperature increases past the optimum, total growth is decreased and 
fewer total flowers are produced. This was shown in the growth chamber 
with the three hour, 38°C regime reducing the total flower number 
produced while in the chamber by 50 percent. 
This increased temperature did not adversely affect the fruit set. 
There was a significantly better fruit set on the fewer flowers produced 
at the higher temperature . The quantity and quality of pollen dehiscing 
was significantly reduced, but the fruit set was still 100 . Further 
study to determine how many seeds were in the fruit would indicate the 
quantity of pollen available to fertilize the flower at the higher 
temperature . 
The different row cover systems were picked with different light 
transmission and ventilation characteristics so that they would produce 
different temperatures for the modified growth environment of tomatoes 
in the field. The temperatures under the row covers were significantly 
different over the test period, and with the exception of a few cool , 
clo~~dy days, showed good temperature separation. The early yield was 
affected by the row cover treatment yet the flower number and fruit set 
were not significantly different. 
The clear slitted row cover had the highest early yield, producing 
22~ more than the next best treatment , Inso lar , and 52~ more than no row 
cover . The clear slitted and Insolar row covers led to an advancement 
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of early fruit maturity resulting in more early fruit harvested. The 
tomato plants with the perforated and chimney row cover treatments 
exceeded a critical temperature at which the plant maturity was slowed 
or ceased as compared with no row cover. The row cover that approaches, 
but does not exceed, the critical growth temperature will lead to 
several days earlier maturity of the fruits. 
The July experiment showed the same effects of row cover on flower 
production as the spring planting with no difference in flower number 
between the treatments. Terre was a reduction, however, in fruit set on 
the first cluster by row cover, possibly due to increased night 
temperatures . 
These three experiments all showed the same results. Above some 
critical temperature, assumed to be 40°C, the plant growth and fruit 
maturity is slowed or ceases. Row covers help produce an environment 
that is optimum for tomato plant growth. Temperatures above this 
optimum range will eliminate any gains made in advancemnent of maturity. 
Iowa producers should use slitted clear or inso.lar (white 
pigmented) row covers and monitor the row cover temperatures to assure 
that they do not lose the early yield advantage that these growth 
enhancement systems produce . when the temperature reaches 30oC under 
the row cover , ventilation should be increased to assure that the 
temperature does not exceed 40aC under the row cover for even one day. 
The row covers can substantially improve early yield, and profits, but 
only if properly managed. 
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APPENDIX A. ROW COVER INFORMATION 
~30 
1. Clear Slitted Row Covers are a product of Ken-Bar with the following 
characteristics. 
1.1 mil linear low density 
Clear polyethylene 
Approximately 95~ transparent 
Pre-cut crosswise slits 
Suited for northernmost climates where light levels are poor and 
the spring warming trend is very slow 
2. Insolar Row Covers are a product of Ken-Bar with the following 
characteristics. 
1.1 mil linear low density 
White pigmented polyethylene 
Approximately 75-80~ transparent 
Developed for southern and warmer regions 
Automatically ventillated with same pattern as clear slitted 
white pigment added to limit incoming solar radiation 
3. Clear (perforated) and clear (chimney) products are a product of Dow 
Chemical with the following characteristics. 
High strength design 
Criss-crossed with a mesh pattern of reinforcing ribs 
stop tears from spreading 
Linear low density polyethylene 
0.75 mil thic~ 
uses less plastic 
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APPENDIX C . ANOVA TABT ,F', FOR YIELD DATA 
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Table C1. Sum of squares for early tomato yield (July 14-21), 1986 
Mode 1 df Ma rke to b 1 e Cu 11 Total Number 
Block 3 
Row Cover(RC) 4 
Error a 12 
Cultivar(V) 3 
RC~V 12 
Error b 45 
Total 79 
C.V..% 
1 .67 1195.67 
13.15 ~~ 2910.74 
7.11 18798.11 
7.47~~ 32527 , 76-~~-
5.70 3832.14 
12.80 (41 )16985.00 
47.95 (75)76249.43 
65.17 58.21 
2.51 52.64 
23.21 ~~ 30~ . 70#~ 
11.39 197.80 
9 , 04~--~ 491.74-~~ 
9.16 156.20 
18.48 462.81 
73.80 1670.89 
52.27 53.65 
~~, ~ F-test significant at the 1 ~, 5~ level , respectively. 
Table C2. Sum of squares for mid tomato yield (July 21 -August 1), 
1985 
Model df Marketable Cull Total Number 
Block 3 
Row Cover(RC) 4 
Error a 12 
Cultivar(V) 3 
RC~V 12 
Error b 45 
Total 79 
C.V../ 
55.85 
35.33 
99.77 
245.16-~~ 
54.36 
174.04 
664.51 
34.78 
156.85 
236.24 
1245.21 
38028.88~~ 
992.14 
4401 .52 
45060.84 
45.78 
73.30 2570.14 
48.52 ?692.70 
121.04 5080.80 
25.06 0 3817.64 ~-~ 
58.52 5577.30 
234.19 1238.31 
560.73 92121 .89 
31 .93 39.94 
~~, ~ F-test significant at the 1~, 5~ level, respectively. 
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Table C3 . Sum of squares for late tomato yield (August 1-20) , 1986 
Mode 1 df 
Block 3 
Row Cover(RC) 4 
Error a 12 
Cultivar(V) 3 
RC~V 12 
Error b 45 
Total 79 
r.v..~ 
Marketable 
135.64 
130.94 
131 .04 
1472 ~ 33-~-~ 
93.31 
358.50 
2321.75 
27.71 
Cull 
294.90 
274.00 
1173.26 
54729.12~--~ 
933.09 
2803.88 
60208.85 
23.60 
To to 1 
193 , 70~ 
137.14 
157.22 
1640.40-~-~ 
82.12 
555.01 
2771.65 
23.22 
Numbe r 
5070.50 
1096.30 
4757.00 
187729.30~-~ 
11878.20 
23065.50 
243437.80 
29.23 
~~, ~ F-test significant at the 1~, 5~ level, respectively. 
Table C4. Sum of squares for total tomato yield (July 14 -August 20), 
1986 
Mods 1 df Marketable Cull Total Numbe r 
Block 3 
Row Cover(RC) 4 
Error a 12 
Cultivar(V) 3 
RC*V 12 
Error b 45 
Total 79 
C.V../ 
388.37 
199.71 
355.25 
2998 , 83~-~ 
221 .00 
624.11 
4797.27 
22.35 
298.08 
181 .88 
981.10 
45490.50~--~ 
413.37 
1910.00 
49275.58 
21, ~85 
520.22 
199.50 
450.88 
1945, 72~-~ 
233,78 
900.10 
4253.28 
19.10 
15532.25~-
22003.45~ 
16822.75 
496109.25 ~-~ 
31509.00 
57939.00 
540075.95 
28.93 
~~, ~ F-test significant at the 1 ~, 5~ level , respectively. 
0~ 
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